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On the Anti-Correlation] Between
High Accretion Luminosity and Radio Jet Ejection

In G1U3 J1 655-40 and Other ol~jmis
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AIISTR ACT

A mode] is dcscrilmd in wl]icll radio jet forlnation  in accrctin?, ol)jcc.ts is su])prcmed  hy
procmscs  which occur WIICII the accrct,io]l  rate approaches tllc ltddingbi limit. ‘1’llis  was

m o t i v a t e d  by GIK) J 1655-40 and other objcc.ts  which show an alltic.orrclation hciwcxn
high luininosity  and the onset of a radio jcl.

‘J’hc jc+pr-oclucticm  nmchanistn  cn)ploycd  is the 1 IIandford-  l’ayjlc M] II) accclcraticm
p r o c e s s ,  sccdcd by an c+ c- })air  w i n d .  C)hsc] mtjons i n d i c a t e  tlIzIt all kcy il]grcdic]lts of
this lllccllanisln arc, or should I)c,  prcscllt in tllcsc s o u r c e s . olm:rvcd jet velocities and

total ~mwcrs  arc cmllsistcllt w i th  theo re t i ca l  and nulllcrical ~)rcxlictiolis  of this lnoclc].

‘1’l)c prilnary j e t - s u } ) ] ) r c s s i o n  ]ncchanism p r o p o s e d  is t]tc l’:(~)a]oizou-l’rillg]c  coJt~-

prcssib]c  sl~car illstahility, wllicll s h o u l d  disru])t  tllc j e t - - ~ m x ] u c i l l g  rcgiml of tllc d i sk

wlmn tile accrctiol]  r a t e  alq)roacllcs about  ont--thi] d  l’;ddinf;toll. ‘1’llc turn-oil o f  t h e

jc!t ill (.11{0 J 16U5-40  is consistmlt  wi th  th i s  e s t ima te . W h e n  sllJ~~:r-lt(lclillg(lO1l,  tllc disk
shoulcl a lso dr ive an o})tically- thick) subrcdativisii(  w i n d ,  w}licl) IIIay  be a s e c o n d a r y

jet-su])])rcssioll mcc.llallism. ‘1’IIc  prcscncc  o f  s u c h  a  wil)d possil)ly  is SCCII  ill i,lIc early
spectral  evolut ion of  G]to J 1 (i55L40 and in tllc broad absorr~tio~l  Iil)cs  of ccrtaill QSOS.

IInportarit  trots of t]lc Inodcl  would h indcpc!ndcnt lrrcasurwnm(s c)f t]lc conlpac.t  object
masses in these sources, a comparison of nor]nal  al)d I] AI, QS() X-ray spectra to scc if

t]le la.ttcr objects  arc s ignif icant ly coolm, a~ld a ]C)W frcqumlcy  SCXIJCI} around  11A], QSOs
to scc if at lwwt solr]c llavc fossil radio sourcxs.

.S’vh,jrd II cadirt.qs.  - acc.rctiol], acc.rctioll d i s k s X - r a y s :  s t a r s  q u a s a r s
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1. Illt,rwductioll

011 2 8  July,  1994 GltO J1655-4(1  u~ldcrwcnt  a
strw]g  hard X-ray outl)urst,  rcachillg  a lulninosity  of
6-12  x 1037 ergs-] (c1/4 kl)c)z in 0.1-430 kcV X-rays
ancl rc]]lailicxl  at roughly  t}lat lu[ni~lcrsity  for about
two weeks ((~rcincr 1994; lnouc  ct al. 1994; Sazonov
&. Sullyacv 1994; llarI]loIl  d al. 1995a). l)uri~lg tl, is
tilnc the ohjcct  was raclio quiet. ‘1’hc subsequent clrop
in hare] X-ray intensity beginning on N 8 August was
accorrrpanicd on 13 August by a dramatic rise in ra-
dio flux dc]lsity  in the c~ltirc ccntirnctcr  wavclcrrgth
sI)cctrurr]  ((;al[~])l)c:ll-Wilsoll & IIurrstead  1994)  a n d
the clcwclo~nrlcrlt of an expanding radio scmrcc  with
superlu]ninal  Inotion  at an al>parcnt ~ of 1.5 + 0.4
and Irlini]rm]rl  actual ~n,in of 0.84 0.1 (’1’ingay  ct al.
1995), and a ~costl value of NO.33 (Iljcllming  & Iku-
I)crl ] 99sa),  where C is the jet, comlJo~lcrlt velocity in
units of the slmcd of light and O is the line-of-sight
angic.

GIW  J 1655-40 outburst again in hard X-rays on 6
Scl)tcr]llm  1994, but at mily half tllc intc]lsity  of the
first outl)arst. Agairl  it was acco]rlpanicd  l)Y a l)rigllt-
cnirlg of tllc ccrltral  radio corrr~m]lcr]t as the X-rays dc-
cvxrscd  i]] irltmlsity  wit]l a sllortm  delay trctwccn  the
bcgill]lirlg  of tllc X-ray outburst and the radio out-
Lurst (1 ljcl]rrlirrg & ILu])crl 1 9 9 4 ;  Carrr]]l)cll-\Vi  lsorl,
McKay, & ]Jovcl] ] 994).

‘1’hc a]l])arcrlt arlti-correlation hctwmn  the ]miods
of Ilig}l X-lay  lurrlir]osity and the radio jet ejection
cvcllts, cou])lcd  wit]] tlrc general belief that X-rays arc
J)rodaccd  I)y accretion, ir]dicatcs  that t,hc I)roduction
(and sul,l)rcssion)  of the radio jet is prolmbly  accre-
tion related. ‘1’llis proxnptcd  ‘J’ingay CL al. 1995 to
sllggcst t}lat, accrct,io]l at, greater than tllc ltddirlg~on
limit,

]’I:ddiff:dd ; - -- =- 1.9X 10’sg  s-’ ((/0.1 )-’ ,It (1)
i i-?

d e s t r o y e d  tl]c collditio]ls  rlcccssary  for jet ]mocJuc-
(ion I)y tllc accrctio]l  d i s k . IIcrc m =- (lr4/M~)
is t]][? dirllcrlsi(>]]]css  colr]])ad  o b j e c t  rr]a.%,  ],~;dd C
1.2 x 103scrgs-  ] 7rl is tllc IMdingto]i  lulrlinosity  limit
(ahovc which radiation prcssur-c duc to electron s,cat-
tcrir]g  cxcccds the force of gravity), and ( is tllc accre-
tion Cflicicrrcy.  ‘1’llis ])a~,cr cxalrlincs  t he  l,roccsscs at
w o r k  ir] IIig}ll{rrili[losity  accrctiorl  clisks  whic][ lnight,
cnal)lc, as  WC]]  as  suj)J)rcss,  hllll) jet  lr)cchar[isrns,
and Corrl])arcs  l)rcdictliolls  with rccellt  otmrvatiorm  of
GIW  J 165540 and other objects.

2 . .lct I>roducti(nl  ill Accmticnl l)islcs

2.1. MIIJ) .3ct Pmductim

Oli~: of the rrlorc  succmsful classes of I[lodcl for l)r~
ducirl~’, jets fro]l)  accretion disks is that of rllagrlct~
hyclrodynanlic  (Ml] I )) accclcratio~l  and collimation,
first c,utlincd for eel, tral ol)jccts  without rilagrlcto
sl>licms (i. e., uncharged Mack holes and t)arc ncutrorl
stars) by Illarlclford  &~, l’sync 1982. If l)olc)idal  rnag-
nctic  field lines, tlircadirlg  vertically t]lrough a gc~
~rictri~ally thin disk and its corolla,  ~r~akc a~l angle
grcat,cr  than 30 dcgrms  with the rotation axis, then
rl]atcr ial tralq)cd  ia t tlc field wilt bc accclcratcd  ccrr-
trifugally  outward alorlg those ]incs. Eventually, when
the velocity of tllc l)lwwr}a  relative to the diffcrcr]tially-
mtatillg field lines cxcecds  the Alfvh  velocity, the
frcld is wound }Iclically  around tlIc axis, collimating
the plirsrna. If the rnatcrial  irr the field lines is continu-
ously rq)lcnis}lcd  frc~rll I)clow,  a continuous jet results.

Rrxcnt]y  Mcicr, l’ayrlc, & l,ind 1995 (SCC a l s o
Ustyll gova ct al. 1 995) IIavc pcrforrnccl  a J)aramctcr
study of the IIlandforcl-1’sync rncchanisrn using de-
tailed two clir[lcrlsiorial  hllll) sir])  ulatiolls.  ‘J’lIcy firld
tJlat  well-co]l irrlaicd outflows occur over a large rc-
giorl of ]}aralr[ctcr  s}~acc, and that at least rnildly-
rclati\istic flow (Lulk I’j N 3) is ])ossiblc  (see Figure
1). ll]llikc  the scrlli- arlalytic  Inodc] of llla~ldford and
l’sync, however, tl]c si:r~ulations  show that jet ejec-
tion is far frorll self-sirilllar. ItatIlcr,  tllc jet cIrlarlatcs
frcnrl a small rc~,iori /l’i,, < R < l{j,  where }ti,, is t,hc
disk illncr radius arid Itj ~ jcw x }Lrl.

‘J’11~. rncans l)y wl, icll t}lc disk achicvcs tlic ~,ropcr
rrlagrlt+ic field cor]iiguration  is still unknowrl  (SCC, e.g.,
IIcgcll,lan 1 993). \Ve will riot address that issue here.
lnstcad,  wc ]joirlt ol]t that ncccssary conditior]s  f o r
tllc hllll) disk nlcc}la!tisrn to work arc

1.

2.

3.

:i stal)lc  illrlcr d isk ill wliich to ar]cllor tl]c fLcld
lines

ii ])oloidal  rlla.grlctic field extending irrto t}lc disk
(.orona

a su I)ply  of rr] al trial from bc]ow to rcplacc tile
jet cjcctrt i.e., a %cd” wind
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2.2. Ml  I I )  .Ict Prwd~lct.icm  ill IIigll Iiumirlos-
ity Ac.cxd.imL  1 )isks

2.2.1. ?’fir? Jet 1’OWC1”

‘lb s t u d y  tllc I)chavior of the l\la~lclfc)rd-l’ay llc
nlccllanis]l] in rl]orc detail, wc treat it i]) tllc context
of tl]c “cr” accrctioIl  disk :nodc],  whm-c  t,l Ic v i s c o u s
st rcsscs, I)rcsurl]rxl  to  1M3 rrlag]lctic aml/or turbulcntl
proccsscs,  scale with the disk pressure. A general ex-
pression for tllc n~ag[]ctic  frcld is obtained from con-
servation  of angular roo~ncnturn (Shakura  & Sunyacv
1973),

,{2
!!!’  f-( J{)

G ‘3 ‘J) ‘“ 4rr11
(2?)

where a is t}m viscous stress scaling ])aranlctcr,  Q is
the angular velocity (assumed to bc Kc]dcrian),  and
Z(R) is of order unity cxccpt  very near  IGm.  ‘1’hc  disk
half- tllick[]css 11 contains all the p}lysics of heating
and cooling balalrce  and varies greatly from rnodcl
to rllodcl. WC rcstric.t our rnodcls tcl nigh luminosity
disks orlly

7it > rit[ 5 1 .6  X 1 0-2 (rt/(). ])-+ 1,1--* (3)

. .
wllcrc )il > M/A41i;dd is tile di~ncnsionlcss acc re t ion
rate and ril] is the rate a])ovc which the most niocl-
CIS prcclict rarliatioTl l)rcssurc  effects to bc irnportarlt
in tllc inner disk rcgiorl. (’1’his  is essentially equa-
tion 2. I 8 of Shakura & Surlyacv 1973 after correct-
ing for a factor of 2 error. ) ILcccnt nmdcls  s h o w
that at lcrwt a portion of this region should trc opti-
cally thin, witlll clcctrorm at relativistic tclnpcraturcs
(> 1091{) and pressure clon]inated  l,y the even hot-
ter  ions (Shapiro, l,ightrnan, & Eardky 1 976; l.iang
1979;  Misra &. Mclia  1995).

]n sl)itc c)f rnorc than 20 years of cflort,  1] (~4, @
i s  still  a  I)c)orly-k[lowrl  fut]ctiorl iri this rcgirnc. WC
tllcr-cforc IIavc l)ararllctcrizc  our rnodc] in tcrrns  of the
disk tllickl)css at the radius 1{, z ILg c-] wllcre most
of tl]c luliiillosity  is ]Jroduccd

which is gcrrcrally a function of Ti~ only, and

(5)

z is t})c gravitatior]al  radius .  Ikmwl)crc  lt~  c (;M c
most disk n]odcls which do not, inclucie  the cflccts of
advcctivc  cooling. h N ~i~, with s = O for the original
(Sllakur-a  &. Sullyacv  1973) ol)tically  t}iick disk rnodcls

and s R 1 for the o])tie.ally thin models  (Misra  &,
Mclia 1995). For trmso]ric  accrctiorl rnodcls which do
not include other forl)]s  of acivcctivc  crlcrgy transJ)ort
(convex lion, turbulcr,cc, wind) h -+ 1 for tit –) CM and
s N 1 (Atrramowim  ct al. 1988).

Usir]g cquatirrrl  (2) and the cxI)rcssion  for MII1)
jet pov m from IIla]ldft)fd  & I’sync 1982, wc derive arl
iristar~/ar/cor/sjct  ]mwtr arid a r~on-lumi?lous accrctior)
rate illduccd  by the jet accclcratiorl  ~moccss of

‘Jlat is, ia the JIlarlclfc)rcl- }’ayflc rncchanisrn  tlm jr4-
produ( ing rcgiorl of the disk gcr]crates rnorc power
than is available in t}lc accretion itself and a higher
accretion rate than the steady-state value. “J’hcrc-
forc, ill the ahscrrcc  of additional rnattcr and energy
sources, jet cjcctiorl r[,ust I)c very unsteady, dcplctirig
the cclltral  disk rc,gio]l orl a tir[lc scale of

Tfjf],~~if~ Z. 11 7d,if~ L- {t-”]  h- 1  p: Td~n (7)
2

w h e r e  rc !– Ir!C/lig ~ C“ 1 and T@l ~ 5 x 10–6s  r’: Ill
is the orbital tillIc s<”alc at ltd. Afterward, the jet
shuts off until accretion from tllc outer disk rcplcrl-
ishcs tllc central rcgic~rl and the jet lrcgins again. For
cornImct ol)jccts  of 1 - IOMO, o N lit ~ 0 . 1 ,  a r i d
l’e - 10, these t irrre scales arc quit.c short compared
to tllc hours it t akcs for radio olrscrvations  of the
j e t :  IdY,L - 1 0-4- 10- 3

S ; T}J/J,drij~ A 1 -- 10s; and
Tdrijt w 1 0 -  107s. ‘1’hcrcforc, VI,)l H cJ)scrvatiOns
rncasltre  the tirnc- averaged jet power over the duty
cycle h, or

< 1’;;:1,  > w h 1’;;:  = c M C2 =- IJ (8)

whicl! is of order tllc accretion luminosity. ‘J%is is
a straightforlvard  result: if t}lc jet is to bc I)owcrcd
IJY the ciisk, t}]crl its tilllc-avcra.gccl ])owcr  (over a fcw
hours for stellar sys(crl]s)  is lir[litcd to tllc til[lc aver-
age cjf tllc accrctio]i Iwwcr it,sclf.

2.2.2 l’hc .f’ccd Iirr rld

A variety of wi]lds have been studied in the context
of ac(:retion disks, lmt  r!lost arc not good candidates
for tlIc seed wind. onc which may hc relevant for
tit > li~l is the hot ~jair wind. Misra  &. Mclia  1995
show that for rnodcratcly  high accretion rates],

tiL > Til,jvj N 4  x 1 0- 2  (t/O.]) (cr/0.1)0’55 (9)

1 ‘Jt,is jl~ ~0 tt,eir r,ur], rriral  results is accurate irl LllC rtmgc @ ‘-
0.04- 0.5.



the disk hecorncs so IIot  that c+ e- pair-production
a~ld Cscarw bccorncs an important cooling nlecha-
Ilisrrt,  w i t h  ulJ to l[alf t})e crlm-gy cxnittcd hy t,hc
disk in tllc form of ]Jairs. ‘Jl[c  pair wind there-
fore is ]mcscnt for accretion rates slightly above ril].
‘1’lic wind should he drivcnl  by radiatio]]  ],rcssum on
tllc electrons and Iwsitrons  sillcc tl]c disk is already
greatly suJmr- l’;ddiugton for c+ c- ~)airs by a factor of
?il(rtll, -{ ?ne)/2?ft,  ~ 40.

Itvcn for a relativistic ])air wincJ (l’PU,  w 2), the
ram Imxsure  of this wincl of light ~Jarticlcs is usually
much lCSS thar! 2 me cz m~l 1 Ii;] (Misra  & Mclia  1995),
which is far srllallcr  than the cxi)cctcd  magnetic field
I)rcssurc  just above the disk (equation 2)

Ppw $“:
<< 0.02 rit– 1 h (c/O.]) (r/rC)’-’+ (lo)

-  Plnag

IIccausc the ]Jair wincl is such a copious source of
escaping particles, hut not disruptive to l,hc rnag-
nctic  ficlcl, it is an ideal candidate for seeding the
Il]anclford-  l’sync jet r[lccllanisrn.

2.3.1. l{yl’aI~aloizou-l’vitlglc  Inshbili’lies

Accrctionc liskswit}lril > rill  arcsubjccttoan urn-
Lcr c)f JcIIcrwn instabilities. 111 particular, the com-
~)rcssi}dc l’apaloizor]-l  )ringlc instability (1’apaloizou
& l’rirlglc 1 9 8 4 ;  ]’apaloizc)u  & l’ringlc  1985)  is cx-
Imctccl tc) iuc]ucc  strong turbulent ]notions  on a dy-
nar[]ical  timcscalcirl cliffcrcntially-rotating  ‘(accretion
tori” when the raclial shear in a region Alt N 211
cxcccds t h e  souncl s])ccd. ‘1’hc  lcrlgt,h sca]c o f  rno
tiolls  gcmcratccl  a r c  cx[)cctcd tohc ~ c,/Q N 11. I f
11 << l{, an overall clisk structure shoulcl nevcrthc-
Icss ohtaijl.  Also t}lc {~istrticcofacc)ro]lal r[lagnctic
field sllc)ulcl rtot Imaflcctcd bytllisprcrccss, alt}lough
tll<:fic.lcll villl)c~,crt~]rk) ccl I>y Alfv611 wrrvcsgcncralmd
Ly ccldics occurriug  wllcrc the ficlcl lines arc anchored.

]! OWCVCr, as ?~t ‘} ] (~, ‘} ],~;&f), ]] < <  ]t k 110
IoYlgcr valicl. (;orllIn-cssil~lc  l’al)aloizou-l’ringlc  insta-
hilitics,  then, Ilavc the ])otcntial  for com~,lctcly dis-
rul)tirlg the central region bctwccn lt~r, ancl Jtj W}ICII

the  induced rllotions  arc of orcJcr Itje  z (l~nltj)~.
‘1’0  investigate this wc replace c, in the coml)rcss-
il)lc l’a])aloizoll-l’ rirlglc instal)ility  criterion with the
o~,tilal vc]oclty of tile Jet-ljroduclrlg rcglcm V@,j C ::.
lfjCQ(}/jC),  ~~llicll isgr{~atcrtllarl  tllcscrundspecd by
a far-tot of cwclcr  h’ ‘. l)isru[)tion  (JICU ocw]rs  whcu

(Q(ltj,,) - Cl(l{j))a  :> flz(~tj~),  which, for angular VC-
locity laws wit}l Q m it-q, gives a condition  011 h

for values of q ra]lgiagfro]ll  2 (urlifor]n  angular rnc
rncntl][n) to ~ (l{c~)lcriali  rotation), rcx.~)cctivcly. For
accret ion disks wllcrc  h N ~i~, this corrcxl)oncls  to
a critical accretion rate aud luminosity of ritl>}, N
0.2- 0.3. Ahcwc this  accretion rate the central
I)ortiorl  of the disk cauriot  produce a jet bccausc
J’apalc,izou-}’riug]c  irlsta}~ilitics destroy the disk irl-
tcvior to ltp}~ :: t;t&,/ctiiJzp.  Furthcrrnorc,  if }1 u It
(s % 1), thcirlstalJilityc  cmldengulfm uchofthc hot
I)air-J,roducir]  gregiorl  outside ]~]~})  as we]l.

.2.3.2. l~ycr  St?otbg  .$uf,cr-F;dditigtolt  Wind

MrI ny models of accretion disks with supcr-l’;dding-
ton accretion (Tit > I) havcbccn  constructed in which
no ratliatiorl-j)rcssu  redrivcn outflow of electrons and
pmto!ls  occurs. ‘Jb do so, these models maintain a
clclicatc Lala]lcc  Lctwwcrl the local surface radiation
],rcssurc and cfk:ctive  gravity ar]d/or  they I[]aintain
a trarlsonic  radiat.io]l- tra])ped advcctivc  flow toward
the tr]ack  hole ill the disk iutcrior  (Maraschi,  ltcina,
& ‘lYCVCS  1976; l’aczy[lski  & Wiita 1980; IIcgclrnan &
Mcier 1982; Ahrarl]owiczct  al. 1988). Jn the advcc-
tivc case ])hot,olls  ge]lcratcd  above ],J:&f arc carried
into tllc black hc)]c Lcforc they have a chance to radi-
ate.

Iu ligl]tof tllcdisr l]l>t.ivc corll])rcssiblc  l'apaloizo~l-
l’rirlglc instahility,it isuuclcar if such dclicateradia-
tio]l J)rcssurc l)<ila]lcc orlalnirlar tra])l>ccl flow can be
~nairltaincd.  ‘1’hc rcgioll interior to R1,J, is likely to
bccharactcrizccl  I)yviolm[ts  ouicors upcrsonicturlnr-
lcr[t ],lotiorls, sltcwks (])usllir,g a to unity or shove) ,
a]ld gross  irlllc)t[log,c] lcitics. Under such circutnst,anccs
~)}lot(,l~s gcmcrat)ccl il{ (IIC torus interior are rnorc likely
to hc exposed to low o]]tica] c]cpth  rcgio]ls, either in
lmtwcin  tllc i[lhol,logcr]cil, icst}lcmsclvcsor by being
carric{l to the disk surface by tllc violent turhrlcnt
ccnlvcxtiorl. ‘1’hc rclcasc of a fraction of these phG
tc)ns ill cxccssofthc  Edclington limit will drrrstically
cl[ar~g~ the character of the inflow, driving a signifi-
cant ]Jortion of it out ill a strong, optical ly thick wind
(Sllalc,,ra &Sur,yww  1973; Mcicr1982a,c).  lrldccd,  irl
tllc case of arl accrelitlg  rlcutron star, outflow is the
only ]~ossibility, as ttlrrc exists no ]Iorizon into which
~)hot,c)]ls  can bc Icwt.
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Mcxkls of this wind with ?h w 1 a~lcl a N 1 (more “J’lw initial softmiing of the s~)cctrurn during a Ixmiod

a~)pro])riatc  llcrc than a - 0.1) arc as hot as the thin of constant lulrlinc)sity  signallcd  the initial increase
accretion disk ]Ilocicls  (6 x 109 I{) with rh w 1, but for of the accrctio]l rate to s[ll>cr-ljddir}gtorl values and
super-ltddirlgton accretion rates, e.g., ril w 10, the t,hc forlnation  of a large, cooler, optically thick srrl)cr-
disk is enshrouded in a cooler o])tically  thick wind of l;cldin{,,ton  wi r,d. Once r;l cxcccdcd unity t}~c steady
only 10R K (Mcicr 19821),c).  Its ram pressure is far hard  X-ray lurllirlosity (dornir~atcd  bythe photonsat
bighcrtllau  tllatofthc}xiir wilid: the lower cncrgics of ttIc l~iiIld) rcrrlairlccl  roughly fixed

at a fraction
psew &uj = o.7.f(?it)rl+  (r’/r-i) $-+ (12)

hag (13)

where  j(rit) is of order unity for lit > 2 and ri ~ of tbe ljddington  limit with tbc rcrnaindcr coming out
rnf-1 is the radius at which the wind iscjccted. ‘1’bis in low{: rcncrgy X-rays. ‘J’hcsrrbscqucnt  hardcrlingof
expression is of order u~lity and possibly larger if tbc the s])cctrum  was due to the shrinkage of tbe wind
field drolm off EM }1 m r-] or faster in the corona photosphcrc  as tlIc accretion rate slowly dropped.
(sz~). Asupcr-ltddirlgto~  ~wirld, t,llcrcforc,  }l~tllc IIowcvcr, bccausc  rh was still  above unity, thcbol~
potential fordisruIAing  t,llcficld  in t}lc disk corona. mctri(  ]urninosity  rcr[laillcd at  ].i.;dd, a n d  I,]lx rc-

rnaincd  at j~[xl,~;dd.
3. App]iC~tiOII  to G1l.0  J 1655-40 With detailed ra(liative  transfer models of tbc

Our rllodcl for (31L0 J 1655-40 cbaracterizcs  the
source as going through all the previously-discussed
stages  in rcvcrsc order. ‘1’l[c  first outburst ulldcrgocs
accrctioxl  frolll a finite reservoir at a value above the
llcidir@orl  rate. h~ll 1) jet-producticm mccllanisrns  rc-
rnail] sup]) r-csscd  u~ltil tlic accretion rate dcclincs  to
the ~)oirlt where l’apaloizou-l’ringlc  iustabilitics no
longer disrupt tbc cclltral  disk region. h!]]])  rnccll-
anisrlls  t}lc~l “kick in”, cousidcrably  after the initial
rise irl hard X-ray intensity, arid eject an unsteady jet
until tbc reservoir is c.oml)lctcly dcplctcd.

3.1. l’hc l“irst  Outl)urst

9 . 1 . 1 .  l’hc  .qtlI>cr-fi;ddirlgtorl  l’hasc

‘J’hc  clcarcst  indication that during tile first out-
b u r s t  (28 J u l y  -  16 Au.gust  1994)  GltO J1655-40
may llavc ulldcrgonc  a s~ll)cr-lt(ldirlgtor~ event with
a  strc)ng wind is t,llc cvolutio]] o f  its sl)cctrur[l
(Ilar[[lon  19951)),  wllicll is quite cliflcrcrlt from that
cxpcctcd  of rlorll]al sub II;ddillgton  accrctiorl  d isks .
Shortly after  tllc initial (< 1 day) rise to its peak
40--430 kcV luminosity, t,llc source’s X-ray spcctrurn
softcnccl sharply over a w 1-day ~lcriod from a phot-
on spectral il~dcx of -3.0 to -3.5. IJuring  that tirnc
tbc X-ray luminosity remained steady. ‘1’hc  slJcctrurn
then began to slowly }iarclcn to -2.5 over a ~9-day  pe-
riod,  again while tllc hard X-ray luminosity rcrnaincd
within N ] ~yo of the peak.

‘J’}lis bchavic)r  can bc cx})laincd  by a supcr-lOdding-
ton event with a steadily clccrcasing accretion rate.

wind, onc should bc at)lc to dccluce the run of tcmpcr-
aturc and density wit]!  spherical radius and, therefore,
tbe variation c)f the lrIass loss and accretion rates with
tirnc.  ]n lieu of t}losc I[lodcls,  as an ad hoc example,
wc shall  assurric  a lillcarly-fallirtg  accretion rate of tllc
frmn

til =. ThD -- iiLrl (t -- to) (14)

where the O subscript refers to the the beginning of the
outburst. ‘J’aking 8 August as the time wbcn rh == 1
and 16 August whcm Th = O, wc fit the data to an
initial accretion rate of ri10 = 2.9. For a N 1, sirn-
p]c tl,crrnal  lllodels  of su])cr-ltddington  winds (Meicr
1982( ) predict tclnlwraturcs of 1.7 x 109 K (150 kcV)
cluring the first fcw days of the outburst (after the
initial softening) a]ld about 5.9 x 109 K (500 kcV)
on 8 August, when ~i~ N 1. While (31t0  J1655-40
has an cxccss  al)c)vc the power law s~)cct,rurn near
-? 5 0 0  kcV, tllc sImctrzrl  rcsolutiorl of the observa-
tions  is too low Lo ciisti~lguisll  alIy possib]c arlr]illi-
latio]] line (Ilarrllorl et al. 19Wa). ‘1’hc m o d e l  w i n d
vcl.o[ity of . . . 2 - 3 x 104 krl) s-’ 1 al)j)lics lnairlly  to
the hard X-ray emitting gas. (’J’his velocity is much
grcal cr than t}~c o))tical liuc widths seen during the
outbursts [I)clla Vallc 1994; Wagner & IIcrtrarn  1994]
which wc attribute to nlatcrial rotating in the disk at
-104 Schwarzschild radii, wllcre the effective tcmpcr-
aturc is ~jeu) x 104 K . )

M’hilt tllc 40-430 kcV lulllirlosity  is about 2.2 x
1037 crgs- 1 (d/4 kr]c)z  cluring outburst (Ilarrnon  et al.
199ha), tbcrc  is a slll)stantial  arrlount of flux at Iowcr
cncrgics as well. in bctwccn the outbursts, tbcrc  is
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a silnilar atnount of luminosity in the IKX3A’1’ 0.1 –
2.4 kcV band (Grcincr  1994)  a]ld in tlc ASCA 2-
10 kcV band (Inouc ct al. 1994), the latter with an
l;- 21 slwctrurn,  but tllcrc  is not yet inforrllation  on
thaw values during  tl]c first outburst. l)c~mnding on
whctllcr  or nc)t the 2 –- 20 kcV X-rays during outburst
hacl tllcir  inter-outl)urst value or incrcascd along with
the 40--430 kcV bald (and had all IJ- 21 s}>cctrum)j
we cstinlatc a l)olo~nctric lu]l]inosity  of 1,~0/ w 6– 12 X
10:’7 cr~s-  1. ‘1’}lis  ill)plics  a compact object mass of
m = 1.M/l.2 x 1038crg  s-1 o r

kf]G55_4rI w 0 . 5 -  ] MC) (15)

3 . 1 . 2 .  Sub-htddinglon  Accrcteon I’IWSC

Mira}}cl & ltodrig~lm 1994 for GIN 1915+-105.  llow-
rwcr,  hcrw wc assur])c that the cjcctcd radio plasma
is colllposcd of c+ c“ Jmirs rather t}lau ions and elec-
trons,  usc rnininlllr]l  radio source energy arguments
(1’acl,olczyk 1970) to dctrmninc  the lobe internal en-
ergy and rnasss, ald assulnc  t h a t  both  clcctrorm  and
J>ositrons radiate aIId t,llat the low frec]ucncy cutoff for
this  r-(~nIJJact  source is 1 Gllz. For the 23 August lobe
flux values of SZ,3C; II. :- 0.42 Jy, sc)rrrcc di~ncnsions
of 130 mas x 320 n)as, a distance of 4 kpc (’1’ingay  et
al. 1995), and a IIlaxirnurn  IIoppler  factor of 0.89, wc
find that in t,hc rest frarllc

l<l,)~. ~ 5.0 x 1042 crg (17)

If the J)air plrwrnais  relativistic (7.+ w 7.- >> 1), the

After 8 August I,HX began to dccrcasc  steadily. lohc IrI~S is just l;[O[,,  c , and for-a  t)ulk-I’j,min N“ 1.7,, 2

‘I1his was acccnnpanicc]  by another softening for the the r[]inirnurn  total 101)c  energy (including kinetic and
first 4 days, but on 13 August the radio flux incrcascd intcrl)al)  is l’j,”~i” M c? ~ 8.3 x 10 42 erg. If forrncd
dralnatica]ly (~arnpl~cll-Wilsorl  & 1 Iunstcad  1994), a durin~, the initial 2-day rise in radio flux, the jet power
jet was ejcctcd  (r] ’ingay ct al. 1995), and the 40 – 430 must I )e at lwist
kcV sI)cctrulll  once again harclcncd (to -2.2; IIarrnon
19951)). < l’f~~5.40 > ~ 4.8 x 1037crg  s-1 (18)

‘1 ‘his bcllavior  can bc cx]>laincc! by a continuation
of t,hc clccrcasi]lg  accretion rate postulated above, but
now to values bc]ow ?il = 1, where tllc spectra] hard-
ness is dimclly  rclatccl to accretion rate. ‘J’}Ic final
hardening, however, is not cxl)lainablc  by standard
accretion t}lcory. It is probably related to the jet it-
self, e.g., (Iorlll)tonization  of disk a~ld jet J)hOtOIIS by
the relativistic radio plasma.

‘1’lIC fact that tJIc jet waits another  jour days to
fern), wllcn tllc accretion rate and hard X-ray lunli-
nosity  arc of order

irldicatcs  t}lat tile I)lrxllarlisIn  for suJ)])rcssirlg  jet Jmo
duction  o~maks cvm~ wllcn t}lc accrciicnl  i s  sub
F;ddingtoll. If this is due  to l’apaloizou-]’ringlc  irl-
stabilitics disru I)tillg t}lc central disk rcgioll, then our
rough estil[latc  for wllcrl  this occurs (hJ,}I)  is consis-
tent with the llu~lll)crs above. IIcttcr theoretical csti-
rnates  must await very detailed near-1’;ddington disk
mocfcls, but tllc observations indicate that it should
l)c WC!]  Imlow the Eddiugton  value (unity).

3 . 1 . 3 .  7’hc  Jet ICjrxtion  l’hrrsc

Wc cstilr~atc Gl10 J 1655-40’s total jet ~)c)wcr  in two
different ways. ‘1’lIc first is si]l]ilar to that used Ly

Note that this value is three orders of rnagnitudc
srnalltr than t}lat fourld  b y  Mirahcl  &  ltodrigucz
1994, chiefly bccausc tllcir  assumption of a mono
cIlcrgyl,ic  clectrorl clist,ribrrtion irn J~licitly assumes a
J)artictllar  ratio of J)articlc to field energy in the
~]last[la  which is scvcrrd orders of Inagnitudc  out of
ecfuiJxirtition.

The second rr[ctl Iod assurncs that the observed
lobes arc not moving blobs but  rather radiating c~
cc~orrs  surrorrndirlg the working surface of a rnuc}l nar-
rower jet ,= it drills through the interstellar mcdiurn
(Norrrlan  et al. 1982; l,ind,  ]’sync, Mcicr, & llland-
ford 1989). ‘Ilis assurrlJAion is more accurate if
the 10I)c is low irl dcr,sity corrl])arcd to the interstel-
lar nlcdiulll,  sirlcc rllcwing low clcnsity I)lot)s will be
quickly }Ialtcd l)y a lli~llcr density rl]ccfiurII (Mcicr,
Sadun,  & l,i~ld 1991).  lridccd, in tllc limit of only rcl-
ativis~ic l)articlcs  ili tlic lobe, its rr~ass clcnsity should
bc just the relativistic inertia of the crlcrgy density, or
6 x It)” 27gcrrJ-3, wllicll is WC1l below even intcrcloucl
densities (3 x 10 --25gcrr l- 3 ; Allen 1973). We thcrc-
forc estirnatc  tllc ir,stantancous  jet power by equating
it to the energy loss rate in the lobe. ‘1’hcsc  10SSCS

arc kirlctic (cssclltially  that calculated in equation
18), radiative (only w 1032 crgs- * ), ancl adiabatic.
Note that cquatioll  17 yields a lobe pressure of w 2 x
10--6 dyr]cscrn--2, orders of rnagnitudc  above the typ
ical ir)(crstella~  J)ressl]rc  of 10- ‘3-- 10–12  dy[lcsc[rl-2,
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so adiabatic cx~)ansion  should occur in a sound travel
ti~llc or so, I)y which tirllc  the jet worki~lg  surface
has travcllccl further away fro~[l  the sour-cc. SirIce
the lobe lcllgtll  dots IIOt shrink or lrn]gttlcn appre-
ciably  with tilnc, we rrssu Tnc that all lobe intcrual  en-
ergy is lost, adiabatically within the tirnc  it takes the
jet 10 cxl)arld  ollc lobe ]cngtll (W 4.9days), with an
cstil[latcd  instantarlcous  internal cucrgy loss rate of
~1.2x1037crg  s-l. l’rcsu~uably this cucrgy loss oc-
curs cluring  much of tlIc jet prqmgntion  phase, which
wc take to l)c 2-3 c-folding decay times fc>r t.hc radio
f l u x  (llarlnrm  et al. 1995a)  or w 13- 19 days. in-
tegrating over this tirllc  ])crimt, dividing as wc did
above by the estimated jet ejection time of * 2 days,
and addirlg  the kinetic power dcrivccl above, we get
an initial power in the jet ejection phase o f

< ~’~~~3.40>  ~ (12– 18) x 1037erg  s-1 (19)

WC conclude that citllcr  cstirnatc of the jet power is
of the san)c orc!cr  as the bololnctric  X-ray luminosity
wllcu the jet was ejected (4 - 6 x 1037 crg s– 1 ), in
agreclrlcnt  with tllc average power l)rcdictcd  by the
lllauclford- I’sync ])rocc.ss (ccluation 8).

3.2. Sul)s(!qum]t  olltl)llrsts

Siucc the first IIard X-ray outburst of (;1{0  J1 655-
40, there llavc bcm several others occurring at in-
tervals  of a. fcw months. Near the end of each the
radio lu[l~inosity  incrcascs  Lrricfly, in qualitative agrcc-
mcnt  with the nature of the anticorrclation  txtwccn
jet ejection allcl nigh X-ray lu]ninosity  discussed here
(IIarrIlorl  ct al. 1995a).

IIowcvcr, a surmising and unexpected lrc}lavior
also has occurred during  this  tirnc:  the strength of
cacll radio outburst l]~s dccrcascd  approxinlatc]y  cx-
lmncntially  with tirnc  (Ilarinorl  ct al. 1995a) until it
bccalllc  utldctrzlablc, wllilc the strcrlgttl  of tllc X-ray
outl)urs(s  rcrnaiilc-d al)])roxilnately  t he  sal[lc. GIto
J 1655-40 has evolved frmn a radio loud to a radio
quiet “rllini  quasar” !

in light of this bcllavior  wc note the following
points. As discussed herein, the supI)rcssion of jet
formation l)y l’apaloizou-l’riuglc  instabilities and/or
s~lI)cr-1’;cl(lirlgtorl  winds may bc responsible for short-
tcrrn  delays ar)d anticorrclaticms  tmtwccn high accre-
tion luruinosity  and radio  crllission. Ilowcvcr,  t h i s
Irlccl]anistn cannot bc tllc long-sought.after cxplana-
t,ion for tttc diffcrcncc  bctwccn  radio loud and radio
quiet objects. If it were, each subscquc])t,  radio out-

burst would Ilavc  lli](l  at)out  the same radio luminos-
ity a~ld G1{O  Jlt355-40 always would have bccornc a
radio loud object rrftcr  the accretion bccorncs sub-
F;ddillgton. ‘1’}Ic cx~,oncntial dccrcasc in radio out.
burst strength irlclicatcs  that the overall ability of the
ohjcc[ to prod rrcc ally jet, even when accretion is sub
F;ddil, gton, has bccrl dccayi~lg slowly with tin]c.

~audidatc  n~cchanisrlls  which could cause G}LO
J 165L40 to CVOIVC into a radio quiet object could
bc inl rinsic (c:.g., evolution in a black hole property
such as angular rnorrlcnturn) or extrinsic (e. g., eve
lutiolj  in prol)crtics  of tllc accrcting matter, such m
its rl]aguctic  prolmtics) without affecting our conclu
sions about strori-tcrln. anticorrelations. A  full un-
derstanding  of GRO J] 655-40’s long-tcrrn  evolution
is bc}’ond the scope of this paper, but may bc very
illlportant for unifying radio loud and radio quiet ob
jccts, particularly quasars.

4 . ApI)licatio~l  to Ot]ler  Objects

4.1. GRS 19154105

GIW 1915 -{105 is a IIard X-ray transient silni]ar  tc)
GltO J1655-40 Inlt lying at a sor[lcwllat greater dis-
tance  of 12.54. 1.5 kr)c (Mirabcl  & Rodrigrrcz 1994)
with a sorncwllat  lii~hct outburst X-ray luminosity of
3 x 103s crgs- 1. It also ejcctcd  (on 19 March, 1994)
rclativistically-rnov ing radio co~n])orlcnts with appar.
cut ~s up to 1.2b + 0.15. Itcccntly  it was reported
that, like GHO J 161)5-40,  there was a delay bctwccn
the lmginning of the X-ray and radio outl)urs~s, with
the radio  occurrirlg  r(car  or during .thc X-ray dcclinc
(I)cal  et al. 1995).

W(, thcrcforc  ]woposc a rnodcl  for this source which
is ncar]y idclitical  to  that  for  C~ltO J1655-40,  ex.
CC])t f hat thC CC1[tral CIk)JCCt Hl&$S (??t ~“ l+.[/l.2  x

1038 ergs- ‘ ) must tw Iargcr

lvfl~lr),](,s  A 2.4hI@ (20)

Agaill wc identify the jet cjccta  as a pair plasma, usc
rllinilllurn cucrgy argur[]cnts to cstirtlatc  the internal
lobe energy, and corl I Inrtc jet power values troth with
and without takirlg  coccjon adiabatic IOSSCS  into ac-
count. With the Mirat@  & Rodriguez 1994 lobe pa
rarnct crs 15 days after  tllc initial radio outburst (sirn
ilar  1(, the 10 day ap;c usccl for GM) J 1655-40 above)
and the ~ 3 day acceleration tirnc used by tlicsc au
thors,  wc derive jet lmwcrs  of

< “/$15  +Ic15 > ~ (1 - 5) X 1038crg s-1 (21)
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which again is Colnparablc  to the photon luminos--
ity at t he  ti~]]c. ‘I’l Icsc cstilllat,cs  arc three orders
of ~nagnitudc  slllallcr than that ot)t,aincd by N4irabcl
& l{octrigucz 1994, cllicfly trccausc oftllc assulnlAion
of rllil)ilnull] energy ratllcr than an arl]itrary mono
cncvgetic bca~n cnlcr,gy.

4.2. 1 ]{: 1740.7-2942 riIId  ~y~llllS  X-1

Wc w)]y Lmicfly  ~ncntion  11; 1740.7-2942, because it
also is a IIard X-ray source  witli a laclio jet, and Cyg
X-1 because of its sin)ilar  X-ray cc~lltinuuIn. Since
independent, inforlnation  indicates a rr)ass  for Cyg X-
1 of w ] OMC),  and thcrcforc  a si)ni]ar  r[iass for 1 E
1740.7-2942 by analogy, the 5 x 1 (J37 crg S- ] X-ray ]u-
minositics for these objects yields a di~nellsionlcss ac-
cretion rate of only Th ~ 0.04. “1’his is far below the
]tddington  ]ilnit,  WCII below the threshold 7il~h = till,],
for jet, sul)I)rcssion  try l’a])aloizou-l’ringlc  i~lstabilitics,
and only barely at tllc Misra  & Mclia  1995 threshold
for ])air-wirld  production] (cquaticm 9). As su.ggcstcd
by these authors) the lack of a strong raclio jet in Cyg
X-1 u~ldoul)tcdly  lJM Inorc tc) CIO with the lack of large
nurrlbcrs of I)airs  than with disruptio~l of a t}lick cen-
tral torus.  11’; 1740.7-2942, IIowcvcr, sccIiis to Lc in
a state very si~)]ilar  to that in which GIL()  J1655-40
and t311S  1915+ 105 fornl I,llcir jets, but  011 a more
])crlrlarlcllt, basis.  ‘1’lic accret ion rat,c is ill the ra~lgc
0.04 ~ Th s 0.35, wllcrc tllc disk is thin, relatively st,a-
blc, and l]ot. ‘[’lie  co],ious quantities of l)airs available
(Misra  & Mclia 1993) and the llos~)itable  cr,vironrncnt
for M 111) ~ncchanisms  ~nakc an c+ e- jet very likely.
W C favor M111 ) jet accc]cration  over i]lc “IIOt,  ~)]atc”

rnc.cl)allis]])  (Misra  & Mclia  1993) bccausc  of the for-
mer’s ability to accclcratc  jets to relativistic velocities
near the black ltolc and its lmtcmt, ial for a high dcgrcc
of collil]laticrn.

4.3. IIroad  Al}sor])tioll  I,i]lc a]]d ot.l,w  QS[)S

IIroad alxsoq)tion l ine  quasi-skllar  ol)jccts  (IIAI,
QSOs) arc quasars wllicll sliow outflow wit]]  velocities
u1) to O.lc. h40ctcls of tticsc crbjccts  (Wcyr]}ann et al.
1991 ; Goodrich .% Miller  1995)  usually dcI)ict tllcrn M
norlnal  quasars tmt viewed a])proxi  matcly  cdg~on  to
a flared accretion disk surface (not in tllc equatorial
p]allc).  Material stripped frolll tl)c clisk surface by
an ever-l>rescnt qurwar wind, and blown toward tlw
observer, fc)rnl the broad al)sorl)tion  lines.

1 lowcver, these objects arc ratllcr  Imculiar in that
rrlf arc radio quiet (Stockc et al. 1992), wllilc 10-

1590 of norlllal  quzsars  arc radio loud (I(cllcrrnan
et a]. 1989; Miller ,  l’cacock, & hfcad 1 9 9 0 ) .  W c
thcrclorc  suggest ttlat these objects arc in a }]ig}]-
Iurrlir,osity  state SirIli]ar  to that in ~]t~ J1655-40 or
(IIW 1915-I 105 w},m-c radio jet production is Sul>
prcssrd.  in this scenario 11A],  QSOS arc tllosc fcw
quasars which have Iwcrl undcrgoirlg accretion near
or al)[we the Eddinp, [oil lin)it  (?il > 0.35?). ‘J’tlc prcs-
cncc of l)-~ygai  l)rt)filcs  with v .< O.l C ~nay indicate
a suIwr-]’;ddington accretion event in ~)rogrcss,  whi]e
dctaclmd  Lroacl lines Illay indicate a rcc.cnt event ill
the lmst wit}) tllc current rate still large but  sub
Eddir,gton.  Althcmgll  high polarization I] AI, QSOS
lllay i ndccd bc those viewed when the accrcticm disk
is nearly cdgt!-on  (Gooclrich  & Miller 1995), low pe
larization  ones could trc those vicwccl w}lcn it is more
face-on.

Such models for 11A], QSOS with large covering
factors have been disc.oullt,cd  in the past, not bccausc
of the small  uurnbcrs  of QSOs cornparcd  with the t~
tal QSO population, I)ut bccausc of a discrepancy bc-
twccII akrsorbcd  a]lci crrlittcd  rcson ancc ]inc photons
(e.g., I,yrnan o; lJanlallrl,  }{orista,  & hforris  1 9 9 3 ) .
While the trroad an(l clcvj) absorI)tion troughs irllJdy
that resonance phc)torls h avc been al)sorbcd,  tjccausc
rcsonancc  scattcrirlg  [)rmcrvm  photon nurrlbcr, these
should cvcntual]y  bc rc-crnittcd  frolIl tllc 11A],  cloud
surfarws  in a Iwigllt rxnission  line centcrcd  near zero
rest wlocity.  If t}lc I] AI, cloud covrxirlg factor is Iargc,
the nutnbcr  of photol]s  seen in crnission should bc
C1OSC to that seen absorbed. Ilowcvcr, in J] AI, QSOS
tllc number of rcsonancc  photons seen in crnission is
srna}l romparcd  to t}l at absorbed, lcacling onc to corl-
cludc that the covering factor is small, with on]y a
J)ortic)rl of the I] AI, cloud surfaces facirlg the otrscrvcr.

‘J’])trc is, however,.arlotllcr cxl)larlatioll  for tllc lack
o f  rest )nancc ] Jloton  rc-crllissiorr c1 ust al)sorpt  ion
withi]l tllc I] Al, CIOUCIS tliclllsclves  (Voit, Wcyrnallll,
& Korista  1993; ‘Jhrrlsllck  1995). IL has been showJI
(h4eicr & ‘1’crlcvic], 1981) that cvmi a s,,,all  amount
of dust in an ionized region can rcclucc the nurn-
bcr of unittcd rcsor,arlcc  li~lc ~,hotoris  by f ac to r s  o f
several, and norrrla]  ar[lc)unts of dust can dcst, roy rc-
cmission entirely. I] AI, clouds tc~ld to bc oucrubun-
dant irl rnctals  (rJhrr)sllck 1995) ancl, tllcrcforc,  may
bc quilt dusty. If so, it is ~)ossiblc that they  have lit-
tlc or rlo rcsonancc  lirlc rc-emission anti that the ob-
served crnissiorl line corr]cs only frolIl  the broad ]inc
region (I{ltl,lt)  interior to the l)A1, region. Since ill
this caw  the covering factor cannot t)c dctcr~rlincd by
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counting photons, its wduc is unconstrained by
olmrvat,io~ls.

IT) tile sllj)cr-1’}(lcli]lg~orl model for 11A], C)SOS.

the

the.,
small nurnhcr  of tllcse  objects colnparcd  to normal
QSOS isirltcrl)rcte{i  ashcingduc  tothc scarcity of
very higl) accretion ratcsrathcr than tovicwinganglc.
Asttlc wind l)llotos]Jlcrc  olllycovcrs  t}lc X-ray crnit-
ti]lg rcgioll oft]lc disk, o~ie would ~lot cxI,cct nor]na]
arid J] AI, QSO o~)tical properties to differ apprccia-
hly. Ilowcwcr,  t,llcsc objects may differ dramatically
in their X-ray prolxxtics,  with the 11A], QSOS  tm-
illg significantly cooler. While the super-l(;ddingtorl
nlodcl  SCC)IIS somewhat unsatisfactory in that it re-
quires two scl)aratc  exl)lanations  for the resonance
line cr~lissioll/al>sor~)tioll  discrepancy and the small
nurnims of }] AI, QSOS)  it offers the distinct advan-
tageofcxIJairlirlg  t]lc]ack ofrac]iolo~ld  llAI,  objects
as a. GIi,0J1655-40-ty l]c:arlticorrc]  atior) bdwccn  hig}l
]urninosity,  wir)dy objects andstrongr  adioernission.

For ~llassivc corrllJactol~jccts  (ma 10s) t})e onset
of a not  illncr  region should occur at a much lower ac-
crction  ratctllan forstellar  objects  (ti~~ ~ 1.t3x 10-3).
]fjcts arc ~UI,J)rcssd  only rlC!ar T;l~h ~ 0.35 in these
ol)jcwts  also, t]lcn tltlcrc is a broad range of accre-
tiorl rate in which Ci c-- jets can forlnbythcpair-fcd
IIlandford-1’ayne  ]nccllaliisrn,  ‘1’lIc  fact tllai, only  a
slnall  Imrccntagc  of QSOs arc radio sources indicates
that either all ohjccts idcuttificd as quasars are accret-
ing near Mljdd (which wc consider unlikely) or there is
an additional process at work in determining whether
or Ilot a QSO is a radio source.

WC therefore COI)CIUCIC,  as wc did with GJIO J] 655-
40, t]lat w])i]c super-](;dciingtorl accretion can expiain
the  anticorrclatiorl  bctwccn  high lulninosity,  winciy
ol)jccts  and strong  radio source emission, it is not a
gooci canciiciate for cxr)iailiing  why most (non-l]Al,)
QSOs arc ra(iio (JUiCt.  ]rl our s~l])cr-];ciciir]gtorl  mode]
11A],  QSOS shouici lm considcrcci  as hcing cirawn from
be/L 1 iIr7 rwiio  quiet anti raciic) iouci ixjr)uiatic)ris,  hut in
tllc iattcr case jet ejection is temporarily arrested hy
surwr.  or ~lcar-s~lr)cr-]  (}d(iirlgtoll accretion. When I,hc
rar)id accretion subsides, sc)nlc 11A]. objects shouid
then return to being raciio loud. ]Iigh rcsoiution,  low
frequency radio scarchcs  around I] AI, QSOS should
reveal at icast  some of thcln  (up to ] O-1 .5yo) to have
fossii ra(i io sc)urces.

5. (kmclusi{)]js

W C have c)utiincd a  rr)odcl  in  wllicll r)roduction
of relativistic radio jets hy accrcd,ing objects is su~>-
press[d  by proccssm which occur when tile accretioxl
rate approacl]cs  the Eddington  iirnit.. This was m~
tivatcci by tllc ohscrvation  that GIL()  J 165540 and
other  objects S}IOW an anticorrclatiorl  bct,wccrl high
luminosi ty  a~lci o]lsct of a radio jet. From the o~
scrvat ions our best cstirnate  for the jet-suppression
accrc[  ion rate thrcs]loici is about  one-third of the Ed-
ding,trm value.

Our jet-production rnodci invokes the J]lar]dford-
l’ayn{ Ml II) accclcratiorl  process, seeded by an e+ c-
pair ~vind. All tllc iccy irlgrcdicnt,s  of this mechanism
shoul(i be present in accretion disks with m within
2-3 orders of rnagnitu(ic  of the Eddington  limit (thin,
rclati~cly  stabic  disk; rrlagnct.ic field; hot, 6 x 109 K
corona). Numerical simulations of this mechanism
inciicat,c that for a wide range of tllc input pararrre-
tcrs,  at lead rniidly  relativistic jets with a high dcgrcc
of coi 1 imatioli  arc ejcctc(i from a snlali  region of t}le
ciisk rlcar the coirlpact  ohjcct.  ‘1’otai  je t  powers  de-
rived from tllc ol)scr vatio~ls  arc collsistcIlt  wit}, t]losc
i)rcdi(tcd  theoretically.

Wc suggest tllc J’aj)aioizou-l’rirlglc  instability m
ttic prinlary  jet-supr,rcssior[ lIlccl]arlisrn.  “J’llis is CX-
pectc(l to bc cxpcciall  y cicstructivc  to the jet,-prc)ciucing
rcgio~l when ttlc accret,ioll rate is near the Eddington
limit and the inner disk is thick. Iiccallsc  of t}lc insta-
t,iiities,  the onset of arl oi)ticaliy  thick, sub relativistic
(v ~ (1.1 c), supcu--l;(iciin gton wind, wllic}) carries off

])owcr  in Cxccss of l.~;dd, sc(!rrls irlcvitabie,  even when
tllc compact object is a black ho]c with the potxm.
tial for swallowill~ it J)ortion  of t,llc power throug}l
transonic  advectivc  accretion. “1’hc presence of such
a  wirl~i c a n  hc irlfcrrcd irldircctly  frolll tl)c s~)cctral
cvolut ion of GIK) J 1655 40 at high lurninosit,y and
ciircct]y from tllc al,sorj)tior]  lines in 11A], QSOS -
a~lotll(r class of ol]jcx, [,s kaown to be raciio quiet. ‘] ’he
willci fiiso may hc a scco~ldary jet-supprcssirlg Incch-
anisnl,

“J*IIc  main wcakuess c,f the rnodci iics in the stiii
very I)oor  theoretical unclcrstandirlg  of the cietaiis of
the accretion ]noccsscs when lit > rir~. ‘1’hc varia-
tion of coronai rnagllctic  field strength with ciisk ra-
dius is stiil  pocm]y  known) let alone the dctaiis of ex-
actly tlow the field collfiguratiorl  required for MII1) jet
accclcrai,ion is I]]aintair)cd. WC also IIavc only I)oor
cstir[lates  of tllc accretion rate at wllicll l’apaioizoll-
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l’ringlc  instal)ilitics  in thick disks have a destructive
effect on the conditions for Ml II) Jet acceleration.
l,east  known arc tllc structure of tbc inner regions of
sll})cr-1’;clclirlgtorl  disks, the dominant process which
carries off Inost  of the cxccss power (wind or advcc-
tivc accrctiorl)  in the black ho]c case, and the effect
tllc disk instal)ilitics  llavc on this situation.

lndcIJc[ldcnt  mcasurclncnts  of colnpact  object mass-
C S, and thcrcforc  ],]jdd, in i,hcsc objcct,s  would be a
first step toward testing this moclcl.  Very high spatial
rcsolut,ion  Space VI.] l] observations during jet pr~
duction  may constrain some collimation mechanisms.
lIigh spcct,ral resolution obscrval,ions  of X-ray lines
during the high luminosity pbasc  would help identify
a super-Itddingtorl wind. X-ray continuuin  observa-
tions  of normal and 11A], QSOS could test for a cooler
optically thick wind in the latter class of objects. ]lig}l
resolution, low frequency radio observations of 11A L
objects sllorrld reveal at least sornc (up to 1 O-15Yo)
to have fossil radio sources ancl tbcrcforc  bavc been
radio loud irl the ]Jast.

While  wc I)clicvc the mechanism proposed herein
to l)c rcsl)onsiblc  for the short-tcrln anticorrclations
l)ctwccn  hig]l lllrllirlosity/wirlcly  pllc~lomena and ra-
dio jet ejection seen in sornc objects, wc do not  bc-
licvc it to bc tllc cxIJanation for radio quietness in all
objects. Sornc  rnorc fund amcnt al, ]ong-tcrln  mechan-
ism must bc at work which would, for cxaTnp]c,  allow
G ltO J 1655-40 to CVOIVC  over several months from a
radio loud to a radio quiet ‘(mirli-quasar>’.  Undcr-
starlding  t,his latter mechanism ~nay help unify virtu-
ally all QSOs into a single rnodcl.

“1’lIc author is grateful to llarrnon CI, al. 1995a and
Mcicr, l’sync, & ],ind 1995, for allowing usc of tbcir
rcsult,s prior to ])ublication,  and to It. IIlandfotd,  A.
IIarlllon,  1). JOIICS,  A. I,cvinsol[, J. l,irlg, 1). h~urphy,
aTId W. l’acicsas  for uscfu] discussions or coIIlrIlcrlt,s

orl the marluscril)t.  ‘J’ltis rcscarc.h was carried out at
the Jet .l’roIJulsiorl  ],aboratory,  (;aliforaia IIlstitutc of
‘1’ccllno]ogy,  ulldcr  contract to the National Aeronau-
tics, Adrninistratiorl.
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l:ig. 1. “1’yIJical sirrlulrition  of tllc IIlanctford-1’sync
jet-procluctio~r ~rlccllarlisrn  evolved to 250 inrlcr disk
dyr~amical  tilncs  (frml) Mcicr, ]’sync, and ],ind 1 995),
showinr,  a grcy scidc r)lot of tlic axial velocity. ‘1’hc
accretion disk is a])j)livd  m a boundary cor)dition at
left in the equatorial j)]anc, with a low-vc]ocity wind
blowinr,  a]ong disk-corona ]nagnctic  ficld lines maim
taincd  at a polar arlglc of 54°. I,cIigL}I units arc in
grid points, with an inr)cr  disk radius of Iti,, * 5.
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